Objective-Cannabis use is common among opioid-dependent patients, but studies of its association with treatment outcome are mixed. In this secondary analysis, the association of cannabis use with opioid treatment outcome is assessed.
INTRODUCTION
Use of non-heroin opioids among young people has almost doubled during the past decade (Johnston et al., 2012 ) with a 10-fold increase in teenage admissions to publicly-funded substance abuse treatment programs for non-heroin opioid use problems (SAMSHA, 2008) . Those seeking treatment for opioid dependence often use cannabis as well (Woody et al., 2008; Subramaniam et al., 2009) , so its impact on treatment outcome is of significant clinical interest. Clinicians are likely to want to know the impact of cannabis use, before or during treatment, on outcomes in young opioid-dependent patients.
There is limited research examining the impact of cannabis use on opioid use treatment outcomes, especially among youth. In an earlier secondary analysis from the same data set we used for our analyses, from 152 youths randomized to 12 weeks of buprenorphine/ naloxone or up to 2 weeks of buprenorphine/naloxone detoxification, along with counseling (Woody et al. 2008) , Subramaniam et al. (2011) found that cannabis use in the 30 days prior to baseline assessment, reported "yes" or "no" as a dichotomous variable, did not predict opioid abstinence during treatment (Subramaniam et al., 2011) . Studies in adults examining the prognostic significance of cannabis use during opioid dependence treatment have produced mixed results. Most studies have suggested that cannabis use did not predict treatment outcome, but two studies offered a different view. Both DuPont and Saylor (1989) and Wasserman et al. (1998) reported that patients who used cannabis while receiving methadone maintenance treatment had worse treatment outcomes. Other studies of patients receiving methadone maintenance, buprenorphine maintenance, or naltrexone pharmacotherapy demonstrated that cannabis use was not associated with treatment outcome (Budney et al., 1998; Church et al., 2001; Epstein and Preston, 2003; Nirenberg et al., 1996; Saxon et al., 1993) . For example, Budney et al. (1998) studied opioid-dependent patients receiving buprenorphine maintenance, and found that the percentage of cannabinoid-positive urines did not correlate with the number of weeks of heroin abstinence or with treatment retention.
With buprenorphine maintenance emerging as a potentially effective treatment for the growing number of young people with opioid dependence (Marsch et al., 2005; Woody et al., 2008) , we became interested in the relationship between cannabis use and treatment outcome in this group. Because the bulk of previous research on the prognostic significance of cannabis use during opioid dependence treatment has focused on adults, we aimed to expand this line of research to adolescents and to also study use prior to treatment (number of days used in the 30 days prior to treatment). We posed the following research question: Is opioid dependence treatment outcome associated with 1) cannabis use during 12 weeks of opioid dependence treatment, 2) age of initiation of cannabis use, and 3) frequency of cannabis use in the 30 days prior to treatment? We hypothesized that cannabis use would be associated with poorer treatment outcome in opioid-dependent youths.
METHODS

Participants
The current analysis sought to identify variables related to cannabis use that may correlate with outcomes in the treatment of opioid-dependent adolescents and young adults. These data were from the 152 patients in the Woody et al. study (2008) that investigated brief vs. extended use of buprenorphine-naloxone (BUP/NAL) for opioid-addicted youth. Participants expressed interest in outpatient treatment, were 15 to 21 years of age, met DSM-IV criteria for opioid dependence with physiological features, had no significant health problems that would make participation hazardous, and provided informed consent. Those under 18 provided assent, and at least one parent gave informed consent. Participants were not excluded if they had any other concurrent substance abuse or dependence diagnosis, except for alcohol or benzodiazepine abuse or dependence.
Overview of main study design and treatment
Participants were randomized to 1) a 12-week course of BUP/NAL with a taper beginning in week 9 and ending at week 12, or 2) a 2-week detoxification with buprenorphine-naloxone (DETOX). Continued treatment with BUP/NAL resulted in improved outcomes compared with the DETOX group (Woody et al., 2008) . Participants were terminated from study medication treatment if they failed to attend psychosocial treatment for two consecutive weeks or if they were not adherent to the medication schedule (see Woody et al., 2008 for details).
Measures
Demographic and self-report data on drug use, as well as urine drug screens, were collected at the screening and baseline visits and a more extensive drug use history was administered at intake. Throughout the treatment phase, participants completed weekly urine drug screens and a Timeline Followback questionnaire that assessed daily alcohol, opioid, cannabis, and other drug use during the preceding week. Medication adherence and treatment drop-out were documented throughout the study.
Statistical analysis
Data on opioid use at weeks 4, 8, and 12 were assembled in panel format (i.e., multiple records per subject, with one record for each follow-up period with opioid use data available). The association between cannabis and opioid use was examined using logistic regression models that were fitted by generalized estimating equations (GEE). These analyses modeled the log odds of opioid use in regression models that included cannabis use as a main effect while adjusting for treatment condition and time effects. These analyses appropriately account for the correlation among the repeated measures of opioid use and yield an odds ratio and 95% confidence interval (95%CI) for the association between cannabis and opioid use. Data are reported using the complete N of 152 for the sample baseline description and cannabis use history. However, the associations with opioid use over time are limited to the 115 participants with one or more opioid urine screens at weeks 4, 8, and/or 12.
With a sample size of 115 and prevalence of opioid outcome in the 40-50% range, the study had power of at least 80% to detect an odds ratio of 1.8 or greater (for a 1 standard deviation difference in the cannabis use predictor); this power calculation should be considered conservative for regression analyses of the opioid outcome at three occasions.
RESULTS
Sample description
Most (59.2%, n=90) of the participants (N=152) included in the main outcome trial were male and most were Caucasian (73.7%, n=112), followed by Spanish, Hispanic, or Latino (25.0%, n=38), with a mean age of 19.2 years (sd=1.5, range 15-21). Half (50.0%, n=76) were employed full-time or had been students during the 3 years prior to study enrollment; however, most (65.8%, n=100) reported being neither employed full-time nor students in the 30 days prior to baseline. Comparison of the 115 participants who provided opioid urine screens at weeks 4, 8, or 12 to the remaining participants showed no statistically significant differences in background characteristics, including gender, age, education, race, employment, cannabis use history, and treatment condition.
Cannabis use history
Participants reported a median of 3 days of cannabis use in the past 30 days at baseline, ranging from 0-30 days (mean=9.4, sd=11.5, n=151; see Figure 1 ). Defining daily use as 5 or more days per week, consistent with the literature (Johnston et al., 2012) , one-sixth reported daily use (16.6%; n=25), one-third reported no cannabis use (33.1%; n=50), and half (50.3%; n=77) reported occasional use. The median for lifetime cannabis use was 4 years, ranging from 0-11 years (mean=3.8, sd=2.9, n=151; see Figure 2 ) with 15.9% (n=24) reporting <6 months of use. Baseline cannabis use was positively associated with cocaine use at baseline (p<.04), but not with alcohol use, sedative use, employment or school status, psychiatric status, or criminal justice involvement. Cannabis use was not associated with cocaine use during treatment, however, as measured by urine drug screens at weeks 4, 8, and 12. Overall, 55.3% (84/152) of participants were considered treatment dropouts. While participants abstinent from cannabis were less likely to drop out of treatment than occasional or daily users (48% vs. 61% and 56%, respectively, p<.38), this difference was not statistically significant. Results were also not significant for the relationship between dropout from treatment and number of days of cannabis use, adjusted for treatment condition (data not shown).
Was there an association between cannabis use during opioid dependence treatment and positive urine drug screens for opioids?
Cannabis use during treatment (assessed at weeks 4, 8, and 12) was examined and no association was found between concurrent cannabis use and opioid use (see Table 1 ). Participants were able to significantly reduce opioid use after initiating treatment before their level of opioid use stabilized; however, cannabis use was constant throughout ( Figure  3 ). The primary outcome for the main trial was opioid use at baseline and weeks 4, 8, and 12 as measured by urine drug screens: 93.9% (n=113), 41.3% (n=104), 36.6% (n=93), and 46.7% (n=90) had positive urine drug screens at these four time points, respectively. Among all participants, most were stable over time: 30.4% were positive or missing and 28.7% were negative for opioids at all four time points. The percentage of urine drug screens positive for cannabis at these same time points were 50.4%, 50.0%, 45.2%, and 50.0%. Self-report data corroborated the urine drug screen data at baseline and weeks 4, 8, and 12 (data not shown).
We also evaluated whether a participant's change in opioid use over the course of the study was related to the change in that participant's cannabis use. We found that there was no association between opioid use over time and cannabis use over time (data not shown).
Is there an association between age of initiation of cannabis use and positive urine drug screens for opioids during treatment?
The median age for initiation of cannabis use was 15 years, with a range from 9-21 (mean=15.3, sd=2.9, n=147). Those who abstained from cannabis use during the past 30 days at baseline reported significantly fewer years of lifetime cannabis use than those who used cannabis during the past 30 days (mean=1.7 years, sd=2.0 vs. 4.9, sd=2.6; t (120.7) =8.26, p<.001); however, most cannabis abstainers at baseline (62%, n=31) had used cannabis for more than 5 months in the past.
Logistic regression models, using the GEE approach, assessed the effect of past cannabis use on opioid use during treatment. As shown in Table 1 , the association between age of initiation of cannabis use and opioid use over time was not significant. Similarly, when age of initiation was dichotomized as <16 years vs. older, the association was not significant (data not shown).
Is there an association between cannabis use within the last 30 days and positive urine drug screens for opioids during treatment?
Cannabis use at baseline was measured by urine drug screens at intake and self-report of number of days used during the past month. Results of the regression analyses showed that cannabis use in the 30 days prior to baseline assessment was not related to opioid use over time, adjusted for treatment condition (see Table 1 ). Frequency of cannabis use over the past month was divided into 3 categories: abstinent, occasional (1-19 days), and regular use (≥20 days); frequency of cannabis use was not associated with opioid use during treatment.
DISCUSSION
In our sample of young people with opioid dependence receiving buprenorphine-naloxone maintenance, cannabis use was not associated with treatment outcome as measured by urine drug screens positive for opioids. Our findings support the findings of most previous studies in adults (Budney et al., 1998; Church et al., 2001; Epstein and Preston, 2003; Nirenberg et al., 1996; Saxon et al., 1993) and extend the work of Subramaniam et al., 2011 . We examined cannabis use in three ways--current use patterns, age of initiation of use, and recent history of use--and none predicted opioid use treatment outcome in our sample. Problems associated with regular cannabis use such as cardiovascular (Mittleman et al., 2001) or respiratory complications (Tashkin, 2005) , learning and memory deficits (Pope et al., 2001) , and increased risk for the development of psychosis (Keupper et al., 2011; McGrath et al., 2010) are well-documented. However, many clinicians are unsure about whether cannabis use during treatment warrants a higher level of care for the patient. Of note, all analyses were adjusted for treatment condition, which was a consistently significant predictor of opioid use, as reported in the main outcomes paper (Woody et al. 2008) ; the current paper, however, is focused solely on the prognostic significance of cannabis use in this population.
The age of initiation of cannabis use did not have a significant effect on opioid-use outcomes among this sample of opioid-addicted adolescents and young adults. While other important studies have shown a relationship between early age of initiation of cannabis use and depression, executive function, and psychosis (de Graaf et al., 2010; Gruber et al., 2011; Large et al., 2011) , in this sample, the age of initiation of cannabis use did not appear to be associated with opioid dependence treatment outcome. Our findings, given the relatively small sample size and the post-hoc nature of the analysis limited to self-report and urine drug screen data with no information on severity of use (i.e., cannabis abuse/dependence), do not offset the importance of effective education and intervention programs to prevent cannabis use during this critical developmental period.
Baseline cocaine use was associated with baseline cannabis use, but this association did not extend to the treatment period. This association at baseline supports data that shows opioids, cocaine, and marijuana are popular drugs among young people (Johnston et al., 2012) . Other studies have shown cocaine and cannabis to be used frequently in young people receiving treatment for substance use disorders (Woody et al., 2008 , Bracken et al., 2013 . There was no relationship shown between cocaine use and cannabis use during buprenorphine treatment, however. A possible explanation for this is that patients in treatment may have been more committed to decreasing their use of other drugs.
Our investigation describes cannabis use patterns among a treatment-seeking, opioiddependent sample. About half of the cannabis users in our sample were either using it daily or not at all. Interestingly, a few studies have found that intermittent cannabis use improved retention in naltrexone treatment for opioid dependence (Church et al., 2001 , Raby et al., 2009 . While cannabis use did not have an effect upon treatment outcome among our sample, even when examining three categories based upon frequency of use, this may be due in part to differences in the effects of opioid antagonists and opioid agonists on the cannabinoid system. Cannabis may mitigate dysphoria and other post-acute opioid withdrawal symptoms in patients receiving naltrexone pharmacotherapy for opioid dependence, thereby improving treatment retention. With buprenorphine possibly treating these symptoms for patients on agonist maintenance regimens, cannabis may have less of an impact on treatment retention in our sample.
Our results add to the growing literature on the effects of cannabis use during treatment for another substance use disorder. It is important that clinicians, when confronted with other drug use during treatment, know how to respond in an evidence-based fashion. While many potential problems may result from regular cannabis use, most studies, including ours, fail to show an association between cannabis use and opioid addiction treatment outcome. We continue to promote abstinence from all drugs, especially while in treatment, but our findings suggest that cannabis use while in treatment for opioid dependence is not necessarily an indicator that treatment is progressing poorly. Frequency distribution of days of cannabis use in the month prior to baseline (N=151). Prevalence of urine screens positive for opioids or cannabis over time (N=90-150). 
